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Laboratory 4: Introduction To ���
Basic Electronic Test Equipment	


• Lab Overview (Beckwith Chapter 9  pp. 346 - 354) 
This Lab will span two weeks, with Part 1 performed during week 5 
and part 2 during week 6. The Lab will investigate 	

• Alternating Current (AC) Signal Measurements	

• Oscilloscope Triggering	

• External Scope Triggering 	

• Effect of Sampling Rate and Signal Aliasing	


Equipment Used will be 	

a) digital voltmeters (DVM's) benchtop and handheld--  sometimes called 
“multimeters”	

b) signal generators	

c) oscilloscopes	

d) National Instruments Analog-to-Digital	

(A-D) and Digital-to-Aanalog (D-A) Converters 
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Laboratory 4: Introduction To ���
Basic Electronic Test Equipment (2)	


One of the most important functions of the undergraduate  
Measurements Engineering lab is to provide a working  
understanding of the functions and uses of instruments  
commonly found in all electrical laboratories.  

To the Engineering student, this knowledge is  
essential to efficiently conduct laboratory assignments  
and in developing independent design projects. 

… so PAY ATTENTION! 
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Alternating Versus Direct Current (1) http://www.ibiblio.org/obp/electricCircuits/AC/AC_1.html#xtocid296211	


• DC is the kind of electricity 	

generated by a battery (with 	

definite positive and negative	

terminals) .. Constant amplitude	


• AC is the kind of electricity 	

Generated by a car’s alternator	

Amplitude and Phase Components	


• Battery symbol is used as a generic symbol for any DC voltage source, the 	

circle with the wavy line inside is the generic symbol for any AC voltage source.	


I ---->	
 <---- I ---->	
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Alternating Versus Direct Current (2)	

• Mechanical Analog	
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Alternating Current Waveform	

• When an alternator produces AC voltage, the voltage 	

switches polarity over time, but does so in a very particular 	

manner. When graphed over time, the wave traced by 	

this voltage of alternating polarity from an alternator takes 	

on a distinct shape …  sine wave	


amplitude	


phase	


I(t) = Ae−ω t
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Alternating Current Waveform (frequency)	

• In the United States, the standard power-line 	

frequency is 60 Hz, meaning that the AC voltage oscillates 	

at a rate of 60 complete back-and-forth cycles every second. 	


In Europe, where the power system frequency is 50 Hz, the 	

AC voltage only completes 50 cycles every second. 	


amplitude	


phase	


I(t) = Ae−ω t
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Alternating Current Waveform (View in 
Scope)	
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Alternating Current Waveform (Amplitude)	

• One way to express the intensity, or magnitude (also called the	

amplitude), of an AC quantity is to measure its peak height on 	

a waveform graph. This is known as the peak or crest value of 	

an AC waveform: 	
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Alternating Current Waveform (Peak-to-Peak)	

• Another way is to measure the total height between 	

opposite peaks. This is known as the peak-to-peak (P-P) 	

value of an AC waveform: 	
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Alternating Current Waveform (RMS) (1)	

• The Energy delivered over a single oscillation is know as the	

“Root Mean Square” (RMS) value	


=	


=	


RMS = 1
T

Asinωt( )2⎡
⎣

⎤
⎦

0

T

∫ dt      → RMS = A 2
2

RMS	


Mean	
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Alternating Current Waveform (RMS) (2)	


RMS = 1
T

Asinωt( )2⎡
⎣

⎤
⎦

0

T

∫ dt      → RMS = A 2
2

RMS	
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Amplitudes for Various Waveforms	
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AC Waveform Phase Angle (1)	


• The two waves shown above (A versus B) are of the same 	

amplitude and frequency, but they are out of step with each other. 	

In technical terms, this is called a phase shift.	
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AC Waveform Phase Angle (2)	


• Phase Shift Examples	
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General Dynamic Signals, Definitions (1)	
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General Waveform Definitions (2)	
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VOLTMETERS	


17	
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Voltage/Current Measurements (Revisited)	


• Voltages are measured across (e.g., in parallel with) a Component	


• Currents are measured through (e.g. in serial with) a component.	


• Resistance measurements must be made with NO POWER applied to the 
measured device.	


• Make certain that the DVM is NOT set to measure resistance when wired to 
measure voltage or current.	
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DVM as a voltage measurement device	


• An ideal voltmeter has an infinite input resistance so that it will not draw any 	

current from the circuit under testing. 	


 As a result, one has a voltage divider that will cause the voltage Vm one sees 	

at the input of the voltmeter to be slightly different from the actual voltage VS one	

wants to measure. Our DVM’s have relatively large input resistances (~ 10Mohm) 	

(depending on the selected voltage range) so that the error will be small as long 	

as Rs << Ri.	
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Fluke 8010A Digital Volt Meter (1)	


Digital Voltmeter (DVM): The digital voltmeter measures both Alternating 	

Current (AC) and Direct Current (DC) Voltage, current , and component resistance.	


• This is an older product no longer supported by Fluke® … so be careful 	

…. its irreplaceable!	


The display on the meter is called a "three and a half" digit display, with the 	

first digit capable of displaying +1, 0, or -1 (counts for half a digit), plus three 	

additional digits.  	
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Fluke Digital Volt Meter (2)	


• Fluke 8010A digital Voltmeter, can measure AC or DC voltage, 
current, resistance, or conductivity.	


･ Measuring Voltage	

	
Connect the COMMON input (a black lead) to the circuit's ground, and 
	
connect the V/k/S input (a red lead) to the voltage to measure.	


･ Measuring Current	

	
Connect the COMMON input and either the mA or the 10A max input in 
	
series with the wire whose current you wish to measure. 	


	
Requires disconnecting the wire, often after the circuit is powered down.	
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Fluke Digital Volt Meter (3)	


• Measuring Resistance or Conductance	

With the circuit power off, connect the COMMON (black) and V/k/S (red) leads across 
the resistive element. For accurate measurement, the element usually has to be removed 
from the circuit, although simple continuity checking (determining if a wire is 
connected) can be done in-circuit.	


The maximum measured range is selected by front panel buttons. Make certain the AC/
DC (alternating current/direct current) button corresponds to the proper type of 
waveform for your measurement, since the measurement of AC and DC voltages is 
fundamentally different.	
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HP 34401A Digital Volt Meter (1)	

• Several orders 	

of magnitude more 	

Precise than Fluke	

8010A Meter	
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HP Digital Volt Meter (2)	


• HP34401digital is a high performance instrument FOR measuring resistance, 	

DC and AC voltage, current, AND signal frequency. 	


• HP34401A has a built-in microprocessor, memory and other features such as 	

built-in math functions, recording and storing up to 512 readings, giving the 	

maximum, minimum and average of the readings. In addition, it can be remotely 	

programmed using the SCPI (Standard Commands for Programmable Instruments) 	

language and read by computer via a General Purpose Interface Board (GPIB) 	

port.	


• For this lab we’ll exercise the voltage functions	
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HP Digital Volt Meter (3)	

• To measure a voltage, connect the nodes 	

over which one wants to measure the voltage 	

between the HI and LO input terminals of the 	

DVM. 	


• In order to activate the DVM for DC 	

measurements you have to select the DC 	

Voltage function by pushing the DC V 	

button on the front panel.	
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Hand Held MultiMeter (1)	

• One of the Most useful Laboratory Tools	


• Performs most of functions of DVM but in 	

a  Hand Held package	


AC voltage	


DC voltage	


DC milivolts	


Resistance	


Diode Test	


AC current	


DC current	


Ac/Dc	

Selector	
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Hand Held MultiMeter (2)	


Pay attention to probe connections	

Setting device on Voltage with 
current probe connection and vice-
versa can ruin DMM	
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OSCILLOSCOPES	


28	




MAE 3340 INSTRUMENTATION SYSTEMS	
 29	


Oscilloscope Primer (1)	


GoldStar OS 9020 Analog Oscilloscope	
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Oscilloscope Primer (2)	


• Detailed Primer on Scope	

Posted on Webpage (Lab 4)	
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Oscilloscope Primer (3)	

• 	
 • Oscilloscopes display very 	


high-speed periodic events. 	


• Think of them as “black boxes”	

 that graph voltage versus time.	


• Oscilloscope's major components: 	

	
Cathode ray tube (CRT), similar to that in a television. A large voltage 	

	
is placed across anode and cathode, causing electrons to fly from the 	

	
negatively-charged cathode, through a vacuum, and smash into the 	

	
positively-charged anode, illuminating a spot on its phosphorus coating.	


	
Bright spot fades quickly, so for an image to appear stable, it 	

	
must be refreshed at a high rate (many times /second.)	
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Oscilloscope Primer (4)	


• To display a repeating waveform, the oscilloscope periodically ``sweeps'' the 	

beam from left to right, vertically deflecting the beam proportional to the input 	

voltage. 	


• The result is a graph with time increasing horizontally to the right, voltage	

 increasing in the (up)vertical direction 	
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Oscilloscope Primer (5)	

• Starting sweep at proper time is necessary for a maintaining a stable image. 	


• Image (a) shows effect of choosing wrong phasing: many segments of	

waveform are superimposed, resulting in wave overlap .. Essentially unreadable. 	


• If timing is phased at some multiple of the period of the waveform,traces 	

superimpose to give a single, stable waveform trace, as shown image (b)	


• Most oscilloscopes allow user to set 	

a voltage and slope (rising or falling) f	

or the trigger. … in Image (2) trigger 	

is voltage halfway between PEAKS, with 	

a falling slope.	


• WORKS well for simple waveforms. For 	

complex waveforms, variable holdoff sets 	

time between end of a sweep and when 	

starts looking for trigger. 	
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Oscilloscope Primer (6)	

• A/C versus D/C coupling on input	


• Capacitance between terminals	
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Horizontal Scope Control	
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Scope Triggering	
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GoldStar OS-9020A Oscilloscope	
 Triggering Controls	
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Scope Triggering (1)	
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Scope Triggering (2)	


• Internal trigger	

“.. Scope does the triggering”	


• External Trigger	

… uses external signal	
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Scope Triggering (3)	
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Scope Triggering (4)	


• Especially	

Useful for non-	

Periodic signal	

.. Like serial	

Communications	

(RS-232)	
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Scope Triggering (5)	
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External Triggering Of Scope (1)	
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External Triggering Of Scope (2)	
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Scope Triggering Primer	
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Oscilloscope Trigger / Triggering Tutorial:	


http://www.radio-electronics.com/info/t_and_m/oscilloscope/oscilloscope-trigger.php	
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Digital Oscilloscope	


45	
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Digital Oscilloscope	
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Same function as analog scope but No CRT screen … LCD Instead	


Digital Scope	

Menu/Items	
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Lab Setup Part 1	

Connect DAC0 on the 
National Instruments NI-
BNC 2120 Connector 
Block the oscilloscope 
input channel 1, and DAC1 
to scope’s channel 2.  	


Also connect to the Fluke 
8010a bench meter, HP 
34401A meter, and 
handheld-DMM input 
terminals. 	


Set coupling mode switch 
to “AC”	
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•NI Multifunction I/O Card and Connector 
NI-BNC 2120 Block 

• Will be used to generate 
waveforms for this Laboratory	


• Analog	

Outputs	
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Labview Waveform Generator for Laboratory	

• Signallab.vi … should be a shortcut link on your desktop	


                          ….  Otherwise there is a link to the file 	

                          on the “Lab 4” web page	


Outputs 
various 
selectable 	

waveforms 
to DAC0 or 
DAC1 on	

BNC 2120	
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Wave Forms for Laboratory, Part 1 (1)	
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Wave Forms for Laboratory, Part 1 (2)	




MAE 3340 INSTRUMENTATION SYSTEMS	
 52	


Wave Forms for Laboratory, Part 1 (3)	
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Wave Forms for Laboratory, Part 1 (4)	
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Wave Forms for Laboratory, Part 1 (5)	
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Wave Forms for Laboratory, Part 1 (6)	

Square Wave with Duty  Cycle Definition	


Duty Cycle	
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Wave Forms for Laboratory, Part 1 (7)	
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Wave Forms for Laboratory, Part 1 (8)	
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What Happens when we hit the “Add” 
Switch on the scope (case 1)	


Trig Identity :sin(x)+ sin(y)= 2 ⋅sin x+ y
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos x − y

2
⎛

⎝
⎜

⎞

⎠
⎟

→

y(t)= A0 ⋅sin ω0 ⋅ t( )+ A0 ⋅sin ω1 ⋅ t +φ( ) = 2 ⋅A0 ⋅sin
ω0 ⋅ t +ω1 ⋅ t +φ

2
⎛

⎝
⎜

⎞

⎠
⎟⋅ cos ω0 ⋅ t −ω1 ⋅ t −φ

2
⎛

⎝
⎜

⎞

⎠
⎟=

2 ⋅A0 ⋅ sin ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos φ

2
⎛

⎝
⎜
⎞

⎠
⎟+ cos ω0 ⋅ t +ω1 ⋅ t

2
⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟

⎡

⎣
⎢

⎤

⎦
⎥× cos ω0 ⋅ t −ω1 ⋅ t

2
⎛

⎝
⎜

⎞

⎠
⎟⋅ cos −φ

2
⎛

⎝
⎜

⎞

⎠
⎟− sin ω0 ⋅ t −ω1 ⋅ t

2
⎛

⎝
⎜

⎞

⎠
⎟⋅sin −φ

2
⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢

⎤

⎦
⎥ =

sin ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos φ

2
⎛

⎝
⎜
⎞

⎠
⎟⋅ cos ω0 ⋅ t −ω1 ⋅ t

2
⎛

⎝
⎜

⎞

⎠
⎟⋅ cos φ

2
⎛

⎝
⎜
⎞

⎠
⎟+

cos ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅ cos ω0 ⋅ t −ω1 ⋅ t

2
⎛

⎝
⎜

⎞

⎠
⎟⋅ cos φ

2
⎛

⎝
⎜
⎞

⎠
⎟+

sin ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos φ

2
⎛

⎝
⎜
⎞

⎠
⎟⋅sin

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟+

cos ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅sin

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

= 2 ⋅A0 ⋅

sin ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos φ

2
⎛

⎝
⎜
⎞

⎠
⎟⋅ cos ω0 ⋅ t −ω1 ⋅ t

2
⎛

⎝
⎜

⎞

⎠
⎟⋅ cos φ

2
⎛

⎝
⎜
⎞

⎠
⎟+

cos ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜
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⎠
⎟⋅sin

φ
2
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⎜
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⎟⋅ cos φ
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⎞

⎠
⎟⋅sin
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⎟⋅sin φ
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φ
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⎜
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⎠
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ω0 ⋅ t −ω1 ⋅ t
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⎝
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⎠
⎟⋅sin φ

2
⎛

⎝
⎜
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⎠
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⎡
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⎢
⎢
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⎢
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⎢
⎢
⎢
⎢
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⎥
⎥
⎥
⎥
⎥
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What Happens when we hit the “Add” 
Switch on the scope (2)	


→ y(t)= 2 ⋅A0 ⋅

sin ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅ cos

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos

φ
2
⎛

⎝
⎜
⎞

⎠
⎟+

cos ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅ cos

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos

φ
2
⎛

⎝
⎜
⎞

⎠
⎟+

sin ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅sin

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟+

cos ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅sin

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

φ = 900 =
π
2 radians

→

cos φ
2
⎛

⎝
⎜
⎞

⎠
⎟= cos π

4
⎛

⎝
⎜

⎞

⎠
⎟=

2
2

sin φ
2
⎛

⎝
⎜
⎞

⎠
⎟= sin π

4
⎛

⎝
⎜

⎞

⎠
⎟=

2
2

ω0 =ω1

→ y(t)=

2 ⋅A0 ⋅
2

2

⎛

⎝
⎜

⎞

⎠
⎟

2

sin ω0 ⋅ t( )+ 2
2

⎛

⎝
⎜

⎞

⎠
⎟

2

cos ω0 ⋅ t( )
⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥
=

    A0 ⋅ sin ω0 ⋅ t( )+ cos ω0 ⋅ t( )⎡⎣ ⎤⎦=

    A0 ⋅
2
2

sin ω0 ⋅ t( ) ⋅ 2
2
+ cos ω0 ⋅ t( ) ⋅ 2

2

⎡

⎣
⎢

⎤

⎦
⎥=

       2 ⋅A0 sin ω0 ⋅ t +
π
4

⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢

⎤

⎦
⎥...QED!

Case 1:	
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What Happens when we hit the “Add” 
Switch on the scope (3)	
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Wave Forms for Laboratory, Part 1 (9)	


Heterodyned Waveform	
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What Happens when we hit the “Add” 
Switch on the scope (case 2)	


φ = 00

ω0 ≠ω1
→

y(t)= A0 ⋅sin ω0 ⋅ t( )+ A0 ⋅sin ω1 ⋅ t +φ( ) =

2 ⋅A0 ⋅

sin ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅ cos

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos

φ
2
⎛

⎝
⎜
⎞

⎠
⎟+

cos ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅ cos

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos

φ
2
⎛

⎝
⎜
⎞

⎠
⎟+

sin ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅ cos

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅sin

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟+

cos ω0 ⋅ t +ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟⋅sin

ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟⋅sin

φ
2
⎛

⎝
⎜
⎞

⎠
⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

=

2 ⋅A0 ⋅ sin
ω0 ⋅ t +ω1 ⋅ t

2
⎛

⎝
⎜

⎞

⎠
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ω0 ⋅ t −ω1 ⋅ t
2

⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢

⎤

⎦
⎥

Carrier Frequency	
 Beat Frequency	


1	

1	
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What Happens when we hit the “Add” 
Switch on the scope (Case 2, 2)	
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Lab 4 Part 2, Effects of Signal Aliasing	
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Lab Setup: Part 2	


• Frequency and 
Amplitude Settings	


NI BNC 2120	
 ACH0	


NI BNC 2120	


Oscilloscope	


Signal 
Generator	


Connect BNC 2120 
Signal Generator Output 
to ‘Scope Chan 1 and 
BNC 2120 ACH0 
(Analog Input)	


Connect to Analog 	

and Digital 	
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NI BNC 2120  Connector Block Analog���
Input Channels	


• Analog Input Channels	
 Make sure switches are set to	

“BNC” and “FS”	
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You are Going to Populate this Table for���
Both Sine and Triangle Waves	
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You are Going to Populate this Table for���
Both Sine and Triangle Waves	
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Use Oscilloscope to set the amplitude and frequency of 
BNC 2120 Waveform Generator(s) 	
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Part 2 Example Waveforms	
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Part 2 Example Waveforms (2)	
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